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DISPLAY DEVICE IN WHICH
TRANSMISSION SIGNALS ARE VARYINGLY
GENERATED BASED ON A
SYNCHRONIZATION SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. § 119 to
Korean Patent Application No. 10-2021-0095734 filed on
Jul. 21, 2021, in the Korean Intellectual Property Oflice, the
disclosure of which 1s incorporated by reference herein in 1ts

entirety.

TECHNICAL FIELD

Embodiments of the present disclosure relate a display
device, and more particularly, to a display device whose

display quality 1s increased.

DISCUSSION OF RELATED ART

A display device 1s an output device for presentation of
information 1 visual form. Various display devices are
applied to a multimedia electronic device such as a televi-
sion, a tablet computer, a navigation system, or a game
console. In addition to a general mput device such as a
button, a keyboard, or a mouse, an electronic device may
include an mput sensor that senses a touch-based input,
thereby allowing a user to enter information or commands

casily and intuitively.
SUMMARY

Embodiments of the present disclosure provide a display
device capable of reducing the degradation of display qual-

ity due to a noise coming {rom an input sensor.

According to an embodiment of the present disclosure, a
display device includes: a display panel configured to dis-
play an 1image 1n units of a frame; an input sensor disposed
on the display panel, and configured to sense an external
input; a panel driver configured to control driving of the
display panel in response to a synchronization signal; and a
sensor controller configured to control driving of the input
sensor, wherein the sensor controller receives the synchro-
nization signal from the panel driver and outputs a plurality
of transmission signals to the input sensor, and the plurality
of transmission signals are varyingly generated based on the
synchronization signal.

According to an embodiment of the present disclosure, a
display device includes: a display panel configured to dis-
play an 1image 1n units of a frame; an input sensor disposed
on the display panel, and configured to sense an external
input; a panel driver configured to control driving of the
display panel 1n response to a vertical synchronization signal
for determining a period of the frame and a horizontal
synchronization signal for determining a scan timing of the
display panel; and a sensor controller configured to control
driving of the input sensor, wherein the sensor controller
receives the horizontal synchronization signal from the
panel driver and outputs a plurality of transmission signals
to the input sensor, and the plurality of transmission signals
are varied based on the horizontal synchromization signal.

BRIEF DESCRIPTION OF THE FIGURES

The above and other features of the present disclosure will
become apparent by describing in detaill embodiments
thereol with reference to the accompanying drawings.
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FIG. 1 1s a perspective view of a display device according,
to an embodiment of the present disclosure.

FIG. 2 1s a diagram for describing an operation of a
display device according to an embodiment of the present
disclosure.

FIG. 3A 1s a cross-sectional view of a display device
according to an embodiment of the present disclosure.

FIG. 3B 1s a cross-sectional view of a display device
according to an embodiment of the present disclosure.

FIG. 4 1s a cross-sectional view of a display device
according to an embodiment of the present disclosure.

FIG. 5 1s a block diagram of a display panel and a panel
driver according to an embodiment of the present disclosure.

FIG. 6 15 a block diagram of an 1input sensor and a sensor
controller according to an embodiment of the present dis-
closure.

FIG. 7 1s a wavelorm diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

FIG. 8A 1s a diagram 1llustrating delay information stored
in a store table according to an embodiment of the present
disclosure.

FIG. 8B 1s a diagram 1llustrating delay information stored
in a store table according to an embodiment of the present
disclosure.

FIG. 9A 1s a wavetorm diagram illustrating delay signals
according to an embodiment of the present disclosure.

FIG. 9B 1s a wavelform diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

FIG. 10A 1s a wavelorm diagram illustrating delay signals
according to an embodiment of the present disclosure.

FIG. 10B 1s a wavetorm diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

FIG. 11 1s a wavelform diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

FIG. 12A 1s a wavelorm diagram illustrating delay signals
according to an embodiment of the present disclosure.

FIG. 12B 1s a wavetorm diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

FIG. 13A1s a wavelorm diagram illustrating delay signals
according to an embodiment of the present disclosure.

FIG. 13B 1s a wavetorm diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

Herematter, embodiments of the present disclosure will
be described 1n detail with reference to the accompanying
drawings. While the present disclosure 1s subject to various
modifications and alternative forms, specific embodiments
thereof are shown by way of examples 1n the drawings and
will herein be described in detail. It should be understood,
however, that there 1s no intent to limait the present disclosure
to the particular forms disclosed, but on the contrary, the
present disclosure 1s considered to cover all modifications,
equivalents, and alternatives falling within the spint and
scope thereof.

Similar reference numerals may be used for similar com-
ponents throughout this disclosure. In the accompanying
drawings, the dimensions of structures may be illustrated as
being enlarged for eflective description of embodiments of
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the present disclosure. Although the terms “first”, “second”,
etc. may be used to describe various components, the
components should not be construed as being limited by the
terms. The terms are used to distinguish one component
from another component. For example, a first component
may be referred to as a second component, and similarly, the
second component may be referred to as the first component.
The articles “a,” “an,” and “the” are intended to 1include the
plural forms as well, unless the context clearly indicates
otherwise.

It will be further understood that the terms “comprises,”
“comprising,” “includes,” and/or “including,” when used
herein, specily the presence of stated features, 1tems, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
items, steps, operations, elements, components, and/or
groups thereol.

In the specification, 1t will be understood that when a
portion of a layer, a film, an area, a plate, etc. 1s referred to
as being “on” or “over” any other portion, it can be “directly
on” the other portion or an intervening portion can be
present therebetween. On the other hand, 1t will be under-
stood that when a portion of a layer, a film, an area, a plate,
etc. 1s referred to as being “under” or “below™ any other
portion, 1t can be “directly under” the other portion or an
intervening portion can be present therebetween. In addition,
in the specification, the expression “disposed on” may
include “disposed under” as well as “disposed on”.

In addition, 1n the specification, the expression ‘““direct
contact” may mean that an additional layer, film, region,
plate, etc. are absent between a layer, film, area, plate, efc.
and another element. For example, “directly contact” may
mean that two layers or two members are disposed without
using an additional member, such as an adhesive member,
between the layers or members.

FIG. 1 1s a perspective view of a display device according,
to an embodiment of the present disclosure.

Referring to FIG. 1, a display device 1000 may be a
device that 1s activated by an electrical signal. For example,
the display device 1000 may be a rigid smartphone, a
foldable smartphone, a notebook, a television, a tablet, a
navigation system for a vehicle, a game console, or a
wearable device, but 1s not particularly limited to any one
thereot. The display device 1000 1s illustrated 1n FIG. 1 by
way ol example as being a smartphone.

An active area AA and a peripheral area NAA may be
provided in the display device 1000. The display device
1000 may display an image through the active area AA. The
active areca AA may include a surface extended along a {first
direction DR1 and a second direction DR2. The peripheral
area NAA may surround the active area AA.

A thickness direction of the display device 1000 may be
parallel to a third direction DR3 1ntersecting the first direc-
tion DR1 and the second direction DR2. Accordingly, front
surfaces (or upper surfaces) and back surfaces (or lower
surfaces) ol members constituting the display device 1000
may be described with respect to the third direction DR3.

FIG. 2 1s a diagram for describing an operation of a
display device according to an embodiment of the present
disclosure.

Referring to FIG. 2, the display device 1000 may include
a display panel 100, an mput sensor 200, a panel driver
100C, a sensor controller 200C, and a main controller
1000C.

The display panel 100 may be a component that substan-
tially generates an 1mage. The image generated through the
display panel 100 may be displayed on a display surface FS
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of the display device 1000. The display panel 100 may be a
light-emitting display panel. For example, the display panel
100 may be an organic light-emitting display panel, an
inorganic light-emitting display panel, a quantum dot dis-
play panel, a micro-light emitting diode (LED) display
panel, or a nano-LED display panel.

The input sensor 200 may be disposed on the display
panel 100. The input sensor 200 may sense an external input
2000 applied from the outside. The external input 2000 may
include all input through an 1nput means capable of provid-
ing a change 1n capacitance. For example, the mput sensor
200 may sense an nput by an active-type input means (e.g.,
an active pen, a stylus pen, or an electronic pen) sending and
receiving a signal, as well as an input by a passive-type input
means such as a body (e.g., a finger) of a user. In addition,
the 1nput sensor 200 may sense an approach of an object
close to the display surface FS of the display device 1000.

The main controller 1000C may control overall operations
of the display device 1000. For example, the main controller
1000C may control operations of the panel driver 100C and
the sensor controller 200C. The main controller 1000C may
include at least one microprocessor, and the main controller
1000C may be referred to as a “host”. The main controller
1000C may further include a graphics controller.

The panel driver 100C may drive the display panel 100.
The panel dnver 100C may receive image data RGB and a
display control signal D-CS from the main controller 1000C.
The display control signal D-CS may include various control
signals. For example, the display control signal D-CS may
include a vertical synchronization signal, a horizontal syn-
chronization signal, a main clock, a data enable signal, and
the like. The panel driver 100C may generate a scan control
signal and a data control signal for controlling the driving of
the display panel 100 based on the display control signal
D-CS.

The sensor controller 200C may control the driving of the
input sensor 200. The sensor controller 200C may receive a
sensing control signal I-CS from the main controller 1000C.
The main controller 1000C may provide the sensor control-
ler 200C with some of the signals included 1n the display
control signal D-CS, for example, the vertical synchroniza-
tion signal and/or the horizontal synchronization signal, as
well as the sensing control signal I-CS. Alternatively, the
panel driver 100C may provide the sensor controller 200C
with some of the signals included in the display control
signal D-CS received from the main controller 1000C, for
example, the vertical synchronization signal and/or the hori-
zontal synchronization signal.

The sensor controller 200C may calculate coordinate
information of a user mput based on a signal received from
the mput sensor 200 and may provide a coordinate signal

I-SS including the coordinate information to the main con-
troller 1000C. The main controller 1000C executes an
operation corresponding to the user iput based on the
coordinate signal I-SS. For example, the main controller
1000C may drive the panel driver 100C such that a new
application image 1s displayed on the display panel 100.

FIG. 3A 1s a cross-sectional view of a display device
according to an embodiment of the present disclosure.

Referring to FIG. 3A, the display device 1000 may
include the display panel 100 and the input sensor 200. The
display panel 100 may include a base layer 110, a circuit
layer 120, a light-emitting element layer 130, and an encap-
sulation layer 140. The base layer 110, the circuit layer 120,
the light-emitting element layer 130, and the encapsulation
layer 140 may be sequentially stacked.
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The base layer 110 may be a member that provides a base
surface on which the circuit layer 120 1s disposed. The base
layer 110 may include a glass material, a metal material, a
polymer material, or the like. However, an embodiment of
the present disclosure 1s not limited thereto, and the base
layer 110 may be an morganic layer, an organic layer, or a
composite material layer.

The base layer 110 may have a multi-layered structure.
For example, the base layer 110 may include a first synthetic
resin layer and a second synthetic resin layer disposed on the
first synthetic resin layer. Each of the first and second
synthetic resin layers may include polyimide-based resin. In
addition, each of the first and second synthetic resin layers
may 1nclude at least one of acrylate-based resin, methacry-
late-based resin, polyisoprene-based resin, vinyl-based
resin, epoxy-based resin, urethane-based resin, cellulose-
based resin, siloxane-based resin, polyamide-based resin,
and perylene-based resin.

The circuit layer 120 may be disposed on the base layer
110. The circuit layer 120 may include an insulating layer,
a semiconductor pattern, a conductive pattern, a signal line,
and the like. An msulating layer, a semiconductor layer, and
a conductive layer may be formed on the base layer 110 by
a coating or deposition process, and the insulating layer, the
semiconductor layer, and the conductive layer may then be
selectively patterned through a plurality of photolithography
processes. Afterwards, the semiconductor pattern, the con-
ductive pattern, and the signal line included 1n the circuit
layer 120 may be formed.

The light-emitting element layer 130 may be disposed on
the circuit layer 120. The light-emitting element layer 130
may include a plurality of light-emitting elements. For
example, the light-emitting element layer 130 may be an
organic light-emitting material, an 1norganic light-emitting
material, a quantum dot, a quantum rod, a micro LED, or a
nano LED.

The encapsulation layer 140 may be disposed on the
light-emitting element layer 130. The encapsulation layer
140 may protect the light-emitting element layer 130 from
foreign substances such as moisture, oxygen, and dust
particles. The encapsulation layer 140 may be in contact
with the circuit layer 120 at sides of the light-emitting
clement layer 130.

The mput sensor 200 may be disposed on the display
panel 100. The input sensor 200 may sense the external input
2000 (refer to FIG. 2) applied from the outside. The external
input 2000 may be a user mput. The user input may 1nclude
various types ol external inputs such as a part of the user’s
body, a light, heat, a pen, pressure, or the like.

The mput sensor 200 may be formed on the display panel
100 through sequential processes. In this case, the input
sensor 200 may be expressed as being directly disposed on
the display panel 100. The expression “directly disposed”
may mean that a third component 1s not interposed between
the mput sensor 200 and the display panel 100. In other
words, a separate adhesive member may not be interposed
between the imnput sensor 200 and the display panel 100.
Optionally, the input sensor 200 may be coupled to the
display panel 100 through an adhesive member. The adhe-
sive member may include a typical adhesive or a sticking
agent.

The display device 1000 may further include an anti-
reflection layer and an optical layer, which are disposed on
the input sensor 200. The anti-retlection layer may reduce
the reflectance of an external light incident from the outside
of the display device 1000. The optical layer may increase
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6

the front luminance of the display device 1000 by control-
ling a direction of a light incident from the display panel
100.

FIG. 3B 1s a cross-sectional view of a display device
according to an embodiment of the present disclosure.

Referring to FIG. 3B, a display device 1001 may include
a display panel 101 and an mput sensor 201. The display
panel 101 may include a base substrate 111, a circuit layer
121, a light-emitting element layer 131, an encapsulation
substrate 141, and a coupling member 151.

Each of the base substrate 111 and the encapsulation
substrate 141 may be a glass substrate, a metal substrate, a
polymer substrate, or the like, but 1s not particularly limited
thereto.

The coupling member 151 may be interposed between the
base substrate 111 and the encapsulation substrate 141. For
example, the coupling member 151 may be provided
directly between the encapsulation substrate 141 and the
circuit layer 121. The coupling member 151 may couple the
encapsulation substrate 141 to the base substrate 111 or the
circuit layer 121. The coupling member 151 may include an
inorganic material or an organic material. For example, the
inorganic material may include a frit seal, and the organic
material may 1include a photo-curable resin or a photo-plastic
resin. However, a material of the coupling member 151 1s
not limited to the above example.

The mput sensor 201 may be directly disposed on the
encapsulation substrate 141. The expression “directly dis-
posed” may mean that a third component 1s not interposed
between the input sensor 201 and the encapsulation substrate
141. In other words, a separate adhesive member may not be
interposed between the mput sensor 201 and the display
panel 101. However, the present disclosure i1s not limited
thereto, and an adhesive layer may be further interposed
between the input sensor 201 and the encapsulation substrate
141.

FIG. 4 1s a cross-sectional view of a display device
according to an embodiment of the present disclosure.

Referring to FIG. 4, at least one 1norganic layer may be
formed on an upper surface of the base layer 110. The
inorganic layer may include at least one of aluminum oxide,
titanium oxide, silicon oxide, silicon mitride, silicon oxyni-
tride, zirconium oxide, and hainium oxide. The 1norganic
layer may be formed of multiple layers. The multiple
inorganic layers may constitute a barrier layer and/or a
bufler layer. In this embodiment, the display panel 100 1s
illustrated as including a bufler layer BFL.

The bufler layer BFL may mmprove a bonding force
between the base layer 110 and a semiconductor pattern. The
bufler layer BFL may include at least one of silicon oxide,
silicon nitride, and silicon oxynitride. For example, the
bufler layer BFL may include a structure in which a silicon
oxide layer and a silicon nitride layer are stacked alternately.

The semiconductor pattern may be disposed on the butler
layer BFL. The semiconductor pattern may include poly-
silicon. However, the present disclosure 1s not limited
thereto, and the semiconductor pattern may include amor-
phous silicon, low-temperature polycrystalline silicon, or
oxide semiconductor.

FIG. 4 only illustrates a portion of the semiconductor
pattern, and the semiconductor pattern may be further dis-
posed 1n another area. Semiconductor patterns may be
arranged across pixels 1 a specific rule. An electrical
property of the semiconductor pattern may vary depending
on whether 1t 1s doped or not. The semiconductor pattern
may 1nclude a first area having high conductivity and a
second area having low conductivity. The first area may be
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doped with an N-type dopant or a P-type dopant. A P-type
transistor may include a doping area doped with the P-type
dopant, and an N-type transistor may include a doping area
doped with the N-type dopant. The second area may be a
non-doping area or may be an arca doped with a concen-
tration lower than the first area.

The conductivity of the first area may be greater than the
conductivity of the second area, and the first area may serve
as an electrode or a signal line. The second area may
correspond to an active (or channel) of a transistor. In other
words, a portion of the semiconductor pattern may be an
active of a transistor, another portion of the semiconductor
pattern may be a source or a drain of the transistor, and
another portion of the semiconductor pattern may be a
connection electrode or a connection signal line.

Each of pixels may be expressed by an equivalent circuit
including seven transistors, one capacitor, and a light-emat-
ting element ED, and the equivalent circuit of the pixel may
be modified m various forms. One transistor TR and one
light-emitting element ED included in a pixel are 1llustrated
in FIG. 4 by way of example.

A source SC, an active AL, and a drain DR of the
transistor TR may form from the semiconductor pattern. The
source SC and the drain DR may extend from the active AL
in directions facing away from each other when viewed from
the second direction DR2. In other words, the source SC and
the drain DR may be connected to the active AL. A portion
of a connection signal wire SCL formed from the semicon-
ductor pattern 1s 1llustrated 1n FIG. 4. The connection signal
wire SCL may be connected to the drain DR of the transistor
TR 1n a plan view.

A first insulating layer 10 may be disposed on the bufler
layer BFL. The first mnsulating layer 10 may overlap a
plurality of pixels in common and may cover the semicon-
ductor pattern. The first insulating layer 10 may be an
inorganic layer and/or an organic layer, and may have a
single-layer or multilayer structure. The first insulating layer
10 may include at least one of aluminum oxide, titanium
oxide, silicon oxide, silicon nitride, silicon oxynitride, zir-
conium oxide, and hafnium oxide. In this embodiment, the
first insulating layer 10 may be a single silicon oxide layer.
As well as the first msulating layer 10, each of insulating
layers of the circuit layer 120 to be described later may be
an 1morganic layer and/or an organic layer, and may have a
single-layer or multilayer structure. The morganic layer may
include at least one of the materials described above but 1s
not limited thereto.

A gate GT of the transistor TR 1s disposed on the first
insulating layer 10. The gate G'T may be a portion of a metal
pattern. The gate GT overlaps the active AL. The gate GT
may function as a mask in the process of doping the
semiconductor pattern.

A second 1nsulating layer 20 may be disposed on the first
insulating layer 10 and may cover the gate GT. The second
insulating layer 20 may overlap the pixels in common. The
second 1sulating layer 20 may be an 1norganic layer and/or
an organic layer, and may have a single-layer or multilayer
structure. The second insulating layer 20 may include at
least one of silicon oxide, silicon nitride, and silicon oxyni-
tride. In this embodiment, the second insulating layer 20
may have a multilayer structure including a silicon oxide
layer and a silicon nitride layer.

A third msulating layer 30 may be disposed on the second
insulating layer 20. The third insulating layer 30 may have
a single-layer or multilayer structure. For example, the third
insulating layer 30 may have a multilayer structure including
a silicon oxide layer and a silicon nitride layer.
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A first connection electrode CNE1 may be disposed on the
third insulating layer 30. The first connection electrode
CNE1 may be connected to the connection signal wire SCL
through a first contact hole CNT1 penetrating the first,
second, and third insulating layers 10, 20, and 30.

A fourth msulating layer 40 may be disposed on the third
insulating layer 30. The fourth insulating layer 40 may be a
single silicon oxide layer. A fifth isulating layer 50 may be
disposed on the fourth insulating layer 40. The {fifth 1nsu-
lating layer 50 may be an organic layer.

A second connection electrode CNE2 may be disposed on
the fifth nsulating layer 50. The second connection elec-
trode CNE2 may be connected to the first connection
clectrode CNE1 through a second contact hole CNT2 pen-
ctrating the fourth insulating layer 40 and the fifth insulating
layer 50. The second contact hole CNT2 may coincide with
the first contact hole CNT1.

A sixth insulating layer 60 may be disposed on the fifth
isulating layer 50 and may cover the second connection
clectrode CNE2. The sixth insulating layer 60 may be an
organic layer.

The light-emitting element layer 130 may be disposed on
the circuit layer 120. The light-emitting element layer 130
may include the light-emitting element ED. For example, the
light-emitting element layer 130 may be an organic light-
emitting material, an norganic light-emitting matenal, a
quantum dot, a quantum rod, a micro LED, or a nano LED.
Below, the description will be given under the condition that
the hight-emitting element ED 1s an organic light-emitting
clement, but the present disclosure 1s not particularly limited
thereto.

The light- emitting clement ED may include a first elec-
trode AE, an emission layer EL, and a second electrode CE.

The first electrode AE may be disposed on the sixth
insulating layer 60. The first electrode AE may extend along
an upper surface of the sixth insulating layer 60. The first
clectrode AE may be connected to the second connection
clectrode CNE2 through a third contact hole CNT3 pen-
etrating the sixth msulating layer 60. The third contact hole
CNT3 may coincide with the second contact hole CNT2.

A pixel defining layer 70 may be disposed on the sixth
insulating layer 60 and may cover a portion of the first
clectrode AE. An opening 70-OP 1s defined in the pixel
defining layer 70. The opening 70-OP of the pixel defining
layer 70 exposes at least a portion of the first electrode AE.

The active area AA (refer to FIG. 1) may include an
emission area PXA and a non-emission area NPXA adjacent
to the emission arca PXA. The non-emission areca NPXA
may surround the emission areca PXA. In this embodiment,
the emission area PXA corresponds to a partial area of the
first electrode AE, which 1s exposed by the opening 70-OP.

The emission layer ELL may be disposed on the first
clectrode AE. The emission layer EL. may be disposed 1n an
arca formed by the opening 70-OP. In other words, the
emission layer ELL may be independently disposed for each
pixel. In the case where a plurality of emission layers EL are
independently formed for respective pixels, each of the
plurality of emission layers ELL may emit a light of at least
one of a blue color, a red color, and a green color. However,
the present disclosure 1s not limited thereto. For example,
the plurality of emission layers EL may be connected to each
other to be provided 1n common to the plurality of pixels. In
this case, the emission layer EL that 1s provided in common
to the plurality of pixels may provide a blue light or may
provide a white light.

The second electrode CE may be disposed on the emis-
sion layer EL. The second electrode CE may include a
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plurality of second electrodes CE to be independently
formed for each pixel. Alternatively, the plurality of second
clectrodes CE may be connected to each other to be disposed
in common in the plurality of pixels.

A hole control layer may be interposed between the first
clectrode AE and the emission layer EL. The hole control
layer may be disposed in common 1n the emission area PXA
and the non-emission area NPXA. The hole control layer
may 1clude a hole transport layer and may further include
a hole injection layer. An electron control layer may be
interposed between the emission layer EL and the second
clectrode CE. The electron control layer may include an
clectron transport layer and may further include an electron
injection layer. The hole control layer and the electron
control layer may be formed in common in a plurality of
pixels by using an open mask.

The encapsulation layer 140 may be disposed on the
light-emitting element layer 130. The encapsulation layer
140 may include an 1norganic layer, an organic layer, and an
inorganic layer sequentially stacked, and layers constituting
the encapsulation layer 140 are not limited thereto.

The inorganic layers may protect the light-emitting ele-
ment layer 130 from moisture and oxygen, and the organic
layer may protect the light-emitting element layer 130 from
a foreign material such as dust particles. The norganic
layers may include a silicon nitride layer, a silicon oxynitride
layer, a silicon oxide layer, a titanium oxide layer, an
aluminum oxide layer, or the like. The organic layer may
include, but 1s not limited to, an acrylic-based organic layer.

The 1mput sensor 200 may include a base insulating layer
210, a first conductive layer 220, a sensing nsulating layer
230, a second conductive layer 240, and a cover insulating
layer 250.

The base msulating layer 210 may be an inorganic layer
including at least one of silicon nitride, silicon oxynitride,
and silicon oxide. Alternatively, the base insulating layer
210 may be an organic layer including an epoxy resin, an
acrylic resin, or an 1mide-based resin. The base insulating
layer 210 may have a single-layer structure or may be a
multilayer structure 1n which a plurality of layers are stacked
along the third direction DR3.

Each of the first conductive layer 220 and the second
conductive layer 240 may have a single-layer structure or
may have a multilayer structure 1n which a plurality of layers
are stacked along the third direction DR3.

A conductive layer of a single-layer structure may include
a metal layer or a transparent conductive layer. The metal
layer may include molybdenum, silver, titanium, copper,
aluminum, or an alloy thereof. The transparent conductive
layer may include transparent conductive oxide such as
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(ZnO), or indium zinc tin oxide (IZTO). In addition, the
transparent conductive layer may include conductive poly-
mer such as PEDOT, metal nanowire, graphene, or the like.

A conductive layer of a multilayer structure may include
metal layers. The metal layers may have, for example, a
three-layer structure of titaniumy/aluminum/titanium. The
conductive layer of the multilayer structure may include at
least one metal layer and at least one transparent conductive
layer.

At least one of the sensing insulating layer 230 and the
cover insulating layer 250 may include an inorganic layer.
The morganic layer may include at least one of aluminum
oxide, titanium oxide, silicon oxide, silicon nitride, silicon
oxynitride, zircomum oxide, and hafnium oxide.

At least one of the sensing insulating layer 230 and the
cover msulating layer 250 may include an organic layer. The
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organic layer may include at least one of acrylate-based
resin, methacrylate-based resin, polyisoprene-based resin,
vinyl-based resin, epoxy-based resin, urethane-based resin,
cellulose-based resin, siloxane-based resin, polyimide-based
resin, polyamide-based resin, and perylene-based resin.

A parasitic capacitance Cb may be present between the
input sensor 200 and the second electrode CE. The parasitic
capacitance Cb may also be referred to as a “base capaci-
tance”. As a distance between the mput sensor 200 and the
second electrode CE decreases, a value of the parasitic
capacitance Cb may become greater. As the value of the
parasitic capacitance Cb becomes greater, the signal inter-
ference between the mput sensor 200 and the display panel
100 may 1increase.

FIG. § 1s a block diagram of a display panel and a panel
driver according to an embodiment of the present disclosure.

Referring to FIG. 5, the display panel 100 may include a
plurality of scan lines SLL1 to SLn (e.g., SL1, SL2, . . ..
SLn-1, SLn), a plurality of data lines DL1 to DLm (e.g.,
DL1, DL2, ... DLm), and a plurality of pixels PX. Each of
the plurality of pixels PX 1s connected with a corresponding
data line of the plurality of data lines DL1 to DLm and may
be connected with a corresponding scan line of the plurality
of scan lines SLL1 to SLn. In an embodiment of the present
disclosure, the display panel 100 may further include emis-
sion control lines, and the panel driver 100C may turther
include an emission driving circuit that provides control
signals to the emission control lines. A configuration of the
display panel 100 1s not particularly limited.

Each of the plurality of scan lines SL1 to SLn may extend
in the first direction DR1, and the plurality of scan lines SL.1
to SLn may be arranged to be spaced from each other 1n the
second direction DR2. Fach of the plurality of data lines
DIL1 to DLm may extend in the second direction DR2, and
the plurality of data lines DL1 to DLm may be arranged to
be spaced from each other i1n the first direction DRI1.

The panel driver 100C may include a signal control circuit
100C1, a scan driving circuit 100C2, and a data driving
circuit 100C3.

The signal control circuit 100C1 may receive the image
data RGB and the display control signal D-CS from the main
controller 1000C (refer to FIG. 2). The display control signal
D-CS may include various control signals. For example, the
display control signal D-CS may include a vertical synchro-
nization signal, a horizontal synchromization signal, a main
clock, a data enable signal, and the like.

The signal control circuit 100C1 may generate a scan
control signal CONT1 based on the display control signal
D-CS and may output the scan control signal CON'T1 to the
scan driving circuit 100C2. The scan control signal CONT1
may include a vertical start signal, a clock signal, and the
like. The signal control circuit 100C1 may generate a data
control signal CONT2 based on the display control signal
D-CS and may output the data control signal CONT2 to the
data driving circuit 100C3. The data control signal CONT?2
may 1include a horizontal start signal, an output enable
signal, and the like.

In addition, the signal control circuit 100C 1 may output
a data signal DS, which 1s obtained by processing the image
data RGB to comply with an operating condition of the
display panel 100, to the data driving circuit 100C3. The
scan control signal CONT1 and the data control signal
CON'T2 that are signals necessary for operations of the scan
driving circuit 100C2 and the data driving circuit 100C3 are
not specifically limaited.

The scan driving circuit 100C2 drives the plurality of scan
lines SLL1 to SLn in response to the scan control signal
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CONTI1. In an embodiment of the present disclosure, the
scan driving circuit 100C2 may be formed in the same
process as the circuit layer 120 (refer to FIG. 4) i the
display panel 100, but the present disclosure 1s not limited
thereto. Optionally, the scan driving circuit 100C2 may be
implemented with an integrated circuit (IC), for electrical
connection with the display panel 100. In this case, the
integrated circuit may be directly mounted 1n a given area of
the display panel 100 or may be mounted on a separate
printed circuit board 1n a chip on film (COF) manner.

The data driving circuit 100C3 may output gray scale
voltages to the plurality of data lines DL1 to DLm in
response to the data control signal CONT2 and the data
signal DS from the signal control circuit 100C1. The data
driving circuit 100C3 may be implemented with an inte-
grated circuit for electrical connection with the display panel
100. Here, the integrated circuit may be directly mounted 1n
a given area of the display panel 100 or may be mounted on
a separate printed circuit board 1n the chip on film manner.
Optionally, the data driving circuit 100C3 may be formed 1n
the same process as the circuit layer 120 (refer to FIG. 4) in
the display panel 100.

FIG. 6 1s a block diagram of an mnput sensor and a sensor
controller according to an embodiment of the present dis-
closure.

Referring to FIG. 6, the mput sensor 200 may include a
plurality of transmission electrodes TE1, TE2, TE3, TEA4,
TES and TE6 and a plurality of reception electrodes REI,
RE2, RE3 and RE4. The plurality of transmaission electrodes
TE1 to TE6 may extend 1n the first direction DR1 and may
be arranged 1n the second direction DR2. In an embodiment
of the present disclosure, the transmission electrodes TE1 to
TE6 may extend along the scan lines SL1 to SLn (refer to
FIG. 5). The plurality of reception electrodes RE1 to RE4
may extend i1n the second direction DR2 and may be
arranged 1n the first direction DR1. The plurality of trans-
mission electrodes TE1 to TE6 and the plurality of reception
clectrodes RE1 to RE4 may cross each other. A capacitance
may be formed between the plurality of transmission elec-
trodes TE1 to TE6 and the plurality of reception electrodes
RE1 to RE4. For convenience of description, six transmis-
sion electrodes TE1 to TE6 and four reception electrodes
RE1 to RE4 are illustrated in FIG. 6, but the number of
transmission electrodes TE1 to TE6 and the number of
reception electrodes RE1 to RE4 are not particularly limited
thereto.

The 1mput sensor 200 may further include a plurality of
first signal lines connected to the plurality of transmission
clectrodes TE1 to TE6 and a plurality of second signal lines
connected to the plurality of reception electrodes RE1 to
RE4.

Each of the plurality of transmission electrodes TE1 to
TE6 may include a first sensing portion 211 and a connection
portion 212. The connection portion 212 may connect two
adjacent first sensing portions 211 to each other. The first
sensing portion 211 and the connection portion 212 may
have an integrated shape and may be disposed 1n the same
layer. For example, the first sensing portion 211 and the
connection portion 212 may be included i the second
conductive layer 240 (refer to FI1G. 4). Alternatively, the first
sensing portion 211 and the connection portion 212 may be
included in the first conductive layer 220 (refer to FIG. 4).

Each of the plurality of reception electrodes RE1 to RE4
may 1nclude a second sensing portion 221 and a bridge
portion 222. The second sensing portions 221 adjacent to
cach other may be electrically connected by the bridge
portion 222, but the present disclosure 1s not particularly
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limited thereto. The second sensing portion 221 and the
bridge portion 222 may be disposed 1n different layers. For
example, the second sensing portion 221 may be included 1n
the second conductive layer 240, and the bridge portion 222
may be included 1n the first conductive layer 220. Alterna-
tively, the second sensing portion 221 may be included 1n the
first conductive layer 220, and the bridge portion 222 may
be mcluded 1n the second conductive layer 240.

The bridge portion 222 may be msulated from the con-
nection portion 212 and may intersect the connection portion
212. When the first and second sensing portions 211 and 221
and the connection portion 212 are included in the second
conductive layer 240, the bridge portion 222 may be
included 1n the first conductive layer 220. Alternatively,
when the first and second sensing portions 211 and 221 and
the connection portion 212 are included 1n the first conduc-
tive layer 220, the bridge portion 222 may be included in the
second conductive layer 240.

Each of the plurality of transmission electrodes TE1 to
TE6 may have a mesh shape, and each of the plurality of
reception electrodes RE1 to RE4 may have a mesh shape.

The sensor controller 200C may receive the sensing
control signal 1-CS from the main controller 1000C (refer to
FIG. 2) and may provide the coordinate signal I-SS to the
main controller 1000C. The sensor controller 200C may be
implemented with an integrated circuit (IC), for electrical
connection with the input sensor 200. Here, the integrated
circuit may be directly mounted in a given area of the input
sensor 200 or the display panel 100 or may be mounted on
a separate printed circuit board 1n the chip on film manner.

The sensor controller 200C may include a sensor control
circuit 200C1, a signal generating circuit 200C2, and an
iput detecting circuit 200C3. The sensor control circuit
200C1 may receive a synchronization signal from the main
controller 1000C or the signal control circuit 100C1. The
sensor control circuit 200C1 may control operations of the
signal generating circuit 200C2 and the input detecting
circuit 200C3 based on the sensing control signal I-CS and
the synchronization signal. In an embodiment of the present
disclosure, the synchronization signal may include a vertical
synchronization signal Vsync and a horizontal synchroniza-
tion signal Hsync. Alternatively, the synchronization signal
may include only one (e.g., the horizontal synchronization
signal Hsync) of the vertical synchronization signal Vsync
and the horizontal synchronization signal Hsync.

The signal generating circuit 200C2 may output transmis-
s1on signals TS to the transmission electrodes TE1 to TE6 of
the input sensor 200. The input detecting circuit 200C3 may
receive sensing signals SS from the reception electrodes
RE1 to RE4 of the mput sensor 200. The mput detecting
circuit 200C3 may convert an analog signal into a digital
signal. For example, the mput detecting circuit 200C3 may
perform amplification and filtering on the sensing signals SS
of an analog form thus received and may convert a signal(s)
that has undergone the amplification and filtering into a
digital signal(s).

The sensor control circuit 200C1 may generate the coor-
dinate signal I-SS based on the digital signal received from
the mmput detecting circuit 200C3. For example, when the
external input 2000 (refer to FIG. 2) (e.g., a touch mnput) by
a finger ol the user 1s sensed, the sensor control circuit
200C1 may generate the coordinate signal I-SS including
information about coordinates, at which the touch input is
made, by using the above digital signal.

FIG. 7 1s a wavelorm diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure. FIG. 8A 1s a diagram illustrating delay information
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stored 1n a store table according to an embodiment of the
present disclosure. FIG. 8B 1s a diagram 1illustrating delay
information stored in a store table according to an embodi-
ment of the present disclosure.

Referring to FIGS. 5 and 7, the display device 1000
displays an image through the display panel 100. A time unit
by which the display panel 100 displays an image may be
referred to as a “frame”. When an operating frequency of the
display panel 100 1s 60 Hz, 60 frames may be displayed per
second, and a time corresponding to each frame may be
about 16.67 ms. When an operating frequency of the display
panel 100 1s 120 Hz, 120 frames may be displayed per
second, and a time corresponding to each frame may be
about 8.3 ms. A period of each of the frames may be
determined by the vertical synchronization signal Vsync.
For convenience of description, four frames (hereinafter
referred to as “first to fourth frames DF1 to DF4) of the
frames are illustrated i FIG. 7.

After each of the frames DF1 to DF4 starts, a time at
which a scan signal 1s actually applied to the scan lines SLL1
to SLn of the display panel 100 (e.g., a scan timing of the
display panel 100) may be determined by the horizontal
synchronization signal Hsync. For example, in each of the
frames DF1 to DF4, after the vertical synchronization signal
Vsync 1s activated, a scan signal may be applied to the scan
lines SLL1 to SLn from a time at which the horizontal
synchromization signal Hsync 1s first activated.

Referring to FIGS. 6 and 7, the sensor controller 200C
may drive the mput sensor 200. In an embodiment of the
present disclosure, an operating frequency of the input
sensor 200 may be 1dentical to an operating frequency of the
display panel 100. For example, when the operating fre-
quency of the display panel 100 1s 60 Hz, the operating
frequency of the mnput sensor 200 may also be 60 Hz, when
the operating frequency of the display panel 100 1s 120 Hz,
the operatmg frequency of the mput sensor 200 may also be
120 Hz. It 1s to be understood, however, that the operating
frequencies of the display panel 100 and the mput sensor 200
may be different.

The transmission signals TS may be output to the trans-
mission electrodes TE1 to TE6 (heremafter referred to as
“first to sixth transmission electrodes TE1 to TE6™), respec-
tively. Here, the transmission signals TS may include first to
sixth transmission signals TS1 to TS6 (e.g., TS1, TS2, TS3,
1S4, TSS and TS6) that are respectively output to the first to
sixth transmission electrodes TE1 to TE6. The first to sixth
transmission signals TS1 to TS6 may be randomly (or
varyingly) output (or generated) based on a synchromization
signal (e.g., the horizontal synchronization signal Hsync).

In an embodiment of the present disclosure, the first to
sixth transmission signals TS to TS6 may be simultaneously
output from the sensor controller 200C at the same point 1n
time. When a time at which the first to sixth transmission
signals TS1 to TS6 are simultaneously output 1s referred to
as an output point 1 time tl, a time interval between an
activation start point in time t0 of the horizontal synchro-
nization signal Hsync and the output point 1n time t1 may be
randomly varied.

For example, 1 the first frame DF1, the activation start
point 1n time t0 and the output point in time t1 are spaced
from each other as much as a first time interval d1. In the
second frame DF2, the activation start point 1n time t0 and
the output point 1n time t1 are spaced from each other as
much as a second time interval d2. The first time interval d1
may be different from the second time interval d2. For
example, the second time interval d2 may be greater than the
first time interval d1. In the third frame DF3, the activation
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start point 1n time t0 and the output point in time t1 are
spaced from each other as much as a third time 1nterval d3,
and the third time interval d3 may be diflerent from the first
and second time intervals d1 and d2. For example, the third
time interval d3 may be less than each of the first and second
time 1ntervals d1 and d2. In the fourth frame DF4, the
activation start point in time t0 and the output point in time
tl are spaced from each other as much as a fourth time

interval d4, and the fourth time interval d4 may be different

from the first, second, and third time intervals d1, d2, and d3.
For example, the fourth time interval d4 may be greater than
each of the first, second and third time intervals d1, d2 and
d3.

In an embodiment of the present disclosure, a time
interval between the activation start point i time 10 and the

output point 1n time t1 may be randomly varied between the
first to fourth time intervals d1, d2, d3, and d4. Each of the
first to fourth time 1ntervals d1, d2, d3, and d4 may have one
value 1n a given reference range. For example, when the
reference range 1s from 0.1 us to 0.8 us, each of the first to
fourth time intervals d1, d2, d3, and d4 may have one of
values belonging to the range from 0.1 us to 0.8 us.

In an embodiment of the present disclosure, the first time
interval d1 may have a value of 0.3 us, the second time
interval d2 may have a value of 0.5 us, the third time interval
d3 may have a value of 0.1 us, and the fourth time interval
d4 may have a value of 0.7 us. The first to fourth time
intervals d1, d2, d3, and d4 may be determined by a delay
signal DEL. For example, duration of an activation period
AP of the delay signal DEL may correspond to length of the
first to fourth time intervals d1, d2, d3 and d4.

Referring to FIGS. 2, 7, and 8A, delay information that 1s
used to delay the transmaission signals TS1 to TS6 may be
stored 1n advance 1n a store or lookup table LUT1. The store
table LUT1 may be a component included in the sensor
controller 200C or may be a component included 1n the main
controller 1000C. When the store table LUT1 1s stored 1n the
sensor controller 200C, the sensor controller 200C may
generate the delay signal DEL based on the delay informa-
tion stored in advance 1n the store table LUT1. In this case,
the sensor controller 200C may randomly vary the output
point 1n time t1 of the transmission signals TS1 to TS6 every
frame, based on the delay signal DEL and the horizontal
synchronization signal Hsync.

When the store table LUT1 1s stored 1n the main controller
1000C, the main controller 1000C may generate the delay
signal DEL based on the delay information stored in advance
in the store table LUT1. The delay signal DEL thus gener-
ated may be provided to the sensor controller 200C. The
delay signal DEL may be a signal included in the sensing
control signal I-CS.

The duration of the activation period AP of the delay
signal DEL may vary depending on bit information of the
delay information. In an embodiment of the present disclo-
sure, the delay information may be composed of 2-bit data.
When the bit information 1s “00”, the activation period AP
of the delay signal DEL may have duration of 0.1 us, when
the bit information 1s “01”, the activation period AP of the
delay signal DEL may have duration of 0.3 us, when the bat
information 1s “107, the activation period AP of the delay
signal DEL may have duration of 0.5 us, and when the bit
information 1s “11”, the activation period AP of the delay
signal DEL may have duration of 0.7 us. When the delay
information 1s composed of 2-bit data, the activation period
AP of the delay signal DEL may be randomly varied to
correspond to one of four durations.
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As 1llustrated 1n FIGS. 7 and 8B, the delay information
stored 1n a store table LUT2 may be composed of 3-bit data.
When the bit information 1s “000”, the activation period AP
of the delay signal DEL may have duration of 0.1 us, when
the bit information 1s “001”, the activation period AP of the
delay signal DEL may have duration of 0.2 us, and when the
bit information 1s “0107, the activation period AP of the
delay signal DEL may have duration of 0.3 us. In addition,
when the bit information 1s 0117, the activation period AP
of the delay signal DEL may have duration of 0.4 us, when
the bit information 1s “100”, the activation period AP of the
delay signal DEL may have duration of 0.5 us, when the bit
information 1s 1017, the activation period AP of the delay
signal DEL may have duration of 0.6 us, when the bit
information 1s “110”, the activation period AP of the delay
signal DEL may have duration of 0.7 us, and when the bit
information 1s “1117, the activation period AP of the delay
signal DEL may have duration of 0.8 us. When the delay
information 1s composed of 3-bit data, the activation period
AP of the delay signal DEL may be randomly varied to
correspond to one of eight durations.

The number of data bits of the delay information i1s not
particularly limited, and the duration corresponding to each
bit information 1s not particularly limited.

Each of the transmission signals TS1 to TS6 may be
output from the output point 1n time t1 that 1s delayed with
respect to the activation start point i time t0 of the hori-
zontal synchronization signal Hsync as much as the activa-
tion period AP of the delay signal DEL. Because the duration
of the activation period AP of the delay signal DEL 1is set to
be randomly varied for each frame, a time 1nterval between
the activation start point in time t0 of the horizontal syn-
chronization signal Hsync and the output point i time t1
may also be randomly varied for each frame.

Accordingly, a noise due to the interference between scan
signals being supplied to the display panel 100 and the
transmission signals TS1 to TS6 being supplied to the input
sensor 200 may be prevented from occurring on a screen of
the display device 1000 or may decrease. In addition, even
though the noise occurs, a position at which the noise occurs
may also be randomly shifted by randomly changing the
above time interval. Accordingly, as the position at which
the noise occurs 1s randomly shifted, the phenomenon that a
flicker 1s viewed by a user’s eyes may be prevented. Further,
a period by which a time interval 1s varied may not be
limited to one frame. For example, a time interval may be
randomly varied 1n units of two frames or 1n units of three
frames.

The description 1s given with reference to FIG. 7 as the
output point in time tl 1s randomly varied based on the
horizontal synchronization signal Hsync, but the present
disclosure 1s not limited thereto. For example, the output
point 1n time t1 may be randomly varied based on the
vertical synchronization signal Vsync. However, because
the horizontal synchronization signal Hsync interworks with
an output point 1 time of scan signals, it may be more
ellective to randomly vary the output point in time t1 of the
transmission signals TS1 to TS6 based on the horizontal
synchronization signal Hsync, rather than the vertical syn-
chronization signal Vsync, 1n terms of preventing a flicker
phenomenon.

According to an embodiment of the present disclosure,
the display device 1000 may include: a display panel 100
configured to display an 1image 1n units of a frame (e.g., DF1
to DF4); an mput sensor 200 disposed on the display panel
100, and configured to sense an external input 2000; a panel
driver 100C configured to control driving of the display
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panel 100 in response to a synchronization signal (e.g.,
Hsync); and a sensor controller 200C configured to control
driving of the mnput sensor 200, wherein the sensor controller
200C receives the synchronization signal (e.g., Hsync) from
the panel driver 100C and outputs a plurality of transmission
signals (e.g., TS1 to TS4) to the input sensor 200, and the
plurality of transmission signals (e.g., TS1 to TS4) are
varyingly generated based on the synchronization signal
(e.g., Hsync).

FIG. 9A 1s a wavetorm diagram illustrating delay signals
according to an embodiment of the present disclosure, and
FIG. 9B 1s a wavelorm diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

Referring to FIGS. 6, 9A, and 9B, the transmission signals
TS may include the first to sixth transmission signals TS) to
TS6 that are respectively output to the first to sixth trans-
mission electrodes TE1 to TE6. The first to sixth transmis-
sion signals TS1 to TS6 may be randomly (or varyingly)
output (or generated) based on a synchronization signal
(e.g., the horizontal synchronization signal Hsync).

In an embodiment of the present disclosure, the first to
sixth transmission signals TS1 to TS6 may be output from
the sensor controller 200C at different points 1n time. In
other words, the first to sixth transmission signals TS1 to
TS6 may not be simultaneously output. In each frame, a
point 1n time when the first transmission signal TS1 1s output
may be referred to as a first output point 1n time t1_1, a point
in time when the second transmission signal TS2 1s output
may be referred to as a second output point 1n time t1_2, a
point 1n time when the third transmission signal TS3 1s
output may be referred to as a third output point in time t1_3,
and so forth. In other words, 1n each frame, the first to sixth
transmission signals TS1 to TS6 may be respectively output
at first to sixth output points 1 time t1_1 to t1_6. At least
two of the first to sixth output points i time t1_1 to t1_6
may be placed at diflerent points on a time axis.

A time interval between the activation start point 1n time
t0 of the horizontal synchronization signal Hsync and the
first output point 1n time t1_1 of the first transmission signal
TS1 may be randomly varied. For example, 1n the first frame
DF1, the activation start point 1n time t0 and the first output
point 1n time t1_1 are spaced from each other as much as the
first time 1nterval d1. In the second frame DF2, the activation
start point 1n time t0 and the first output point 1n time t1_1
are spaced from each other as much as the second time
interval d2. The first time 1nterval d1 may be different from
the second time interval d2. For example, the second time
interval d2 may be greater than the first time interval d1. In
the third frame DF3, the activation start point 1n time t0 and
the first output point in time t1_1 are spaced from each other
as much as the third time interval d3, and the third time
interval d3 may be different from the first and second time
intervals d1 and d2. For example, the third time interval d3
may be smaller than each of the first and second time
intervals d1 and d2. In the fourth frame DF4, the activation
start point in time t0 and the first output point in time t1_1
are spaced from each other as much as the fourth time
interval d4, and the fourth time interval d4 may be different
from the first, second, and third time intervals d1, d2, and d3.
For example, the fourth time interval d4 may be longer than
each of the first, second, and third time intervals d1, d2, and
d3.

A time interval between the activation start point 1n time
t0 of the horizontal synchronization signal Hsync and the
second output point 1n time t1_2 of the second transmission
signal TS2 may be randomly varied. For example, 1n the first
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frame DF1, the activation start point in time t0 and the
second output point in time t1_2 are spaced from each other
as much as a fifth time interval dS. In the second frame DF2,
the activation start point 1n time to and the second output
point 1n time t1_2 are spaced from each other as much as a
sixth time 1nterval d6. The fifth time interval d5 may be
different from the sixth time interval d6. In addition, the fifth
time 1nterval dS may be different from the first time 1nterval
d1, and the sixth time interval d6 may be diflerent from the
second time 1nterval d2. In the third frame DF3, the activa-
tion start point 1n time t0 and the second output point in time
t1_2 are spaced from each other as much as a seventh time
interval d7, and the seventh time interval d7 may be different
from the fifth and sixth time intervals d5 and d6. In the
tourth frame DF4, the activation start point 1n time t0 and the
second output point 1n time t1_2 are spaced from each other
as much as an eighth time interval d8, and the eighth time
interval d8 may be diflerent from the fifth, sixth, and seventh
time 1ntervals dS, d6, and d7. In addition, the seventh time
interval d7 may be diflerent from the third time interval d3,
and the eighth time interval d8 may be different from the
fourth time interval d4.

In FIG. 7, the output points 1n time t1 of the first to sixth
transmission signals TS1 to TS6 may be varied simultane-
ously randomly, however, 1n FIG. 9B, the output points 1n
time t1_1 to t1_6 of the first to sixth transmission signals
TS1 to TS6 may be varied individually randomly. It may be
more eflective to randomly vary the output points in time
t1_1 to t1_6 of the first to sixth transmission signals TS1 to
TS6 independently of each other, in terms of the reduction
ol noise.

However, to control the output points in time t1_1to t1_6
of the first to sixth transmission signals TS1 to TS6 1nde-
pendently of each other, the sensor controller 200C may
require first to sixth delay signals DEL1 to DEL6 respec-
tively associated with the first to sixth transmission signals
TS1 to TS6. In other words, the first output point in time
t1_1 of the first transmission signal TS1 may be determined
by the first delay signal DEL1, the second output point in
time t1_2 of the second transmission signal TS2 may be
determined by the second delay signal DEL2, the third
output point in time t1_3 of the third transmission signal TS3
may be determined by the third delay signal DEL3, and so
forth.

A duration of each of activation periods AP1 to AP6 of the
first to sixth delay signals DEL1 to DEL6 may be randomly
varied 1 units of a frame. The duration of each of the
activation periods AP1 to AP6 of the first to sixth delay
signals DEL1 to DEL6 may be varied depending on the bit
information of the delay information 1llustrated 1n FIGS. 8A
and 8B. When the delay information 1s composed of 2-bit
data, the duration of each of the activation periods AP1 to
AP6 of the first to sixth delay signals DEL1 to DEL6 may
be randomly varied to correspond to one of four durations.
When the delay information 1s composed of 3-bit data, the
duration of each of the activation periods AP1 to AP6 of the
first to sixth delay signals DEL1 to DEL6 may be randomly
varied to correspond to one of eight durations.

FIG. 10A 1s a wavelorm diagram 1llustrating delay signals
according to an embodiment of the present disclosure, and
FIG. 10B 1s a wavetform diagram illustrating transmission

signals according to an embodiment of the present disclo-
sure.

Referring to FIGS. 6, 10A, and 10B, the transmission
signals TS may include the first to sixth transmission signals
TS1 to TS6 that are respectively output to the first to sixth
transmission electrodes TE1 to TE6. The first to sixth
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transmission signals TS1 to TS6 may be randomly (or
varyingly) output (or generated) based on a synchronization
signal (e.g., the horizontal synchronization signal Hsync).

In an embodiment of the present disclosure, at least two
of the first to sixth transmission signals TS1 to TS6 may be
output from the sensor controller 200C" at different points 1n
time. In each frame, the first to sixth transmission signals
TS1 to TS6 may be classified into at least two groups, and
transmission signals belonging to different groups may be
output at different points 1n time. In addition, transmission
signals belonging to the same group may be output at the
same point 1n time.

For example, the first to sixth transmission signals TS1 to
TS6 may be classified into three groups, and each group may
include two transmission signals. In each frame, the first and
second transmission signals TS1 and TS2 may be output at
a first output point 1n time t2_1, the third and fourth
transmission signals TS3 and TS4 may be output at a second
output point 1n time t2_2, and the fifth and sixth transmission
signals TS5 and TS6 may be output at a third output point
in time t2.3. However, the present disclosure i1s not limited
thereto. For example, the first and fourth transmission sig-
nals TS1 and TS4 may be output at the first output point in
time t2_1, the second and fifth transmission signals TS2 and
TS5 may be output at the second output point in time t2_2,
the third and sixth transmission signals TS3 and TS6 may be
output at the third output point 1n time t2_3. In addition, the
number of transmission signals to be included 1n each group
may be variously varied. For example, three transmission
signals may be provided 1n a group.

A time 1nterval between the activation start point 1n time
t0 of the horizontal synchronization signal Hsync and the
first output point in time t2_1 of the first and second
transmission signals TS1 and TS2 may be randomly varied.
For example, in the first frame DF1, the activation start point
in time t0 and the first output point 1in time t2_1 are spaced
from each other as much as the first time 1nterval d1. In the
second frame DF2, the activation start point 1in time t0 and
the first output point in time t2_1 are spaced from each other
as much as the second time interval d2. The first time
interval d1 may be different from the second time interval
d2. In the third frame DF3, the activation start point in time
t0 and the first output point 1n time t2_1 are spaced from
each other as much as the third time interval d3, and the third
time 1nterval d3 may be different from the first and second
time intervals d1 and d2. In the fourth frame DF4, the
activation start point in time t0 and the first output point 1n
time t2_1 are spaced from each other as much as the fourth
time interval d4, and the fourth time interval d4 may be
different from the first, second, and third time intervals d1,
d2, and d3.

A time interval between the activation start point 1n time
t0 of the horizontal synchronization signal Hsync and the
second output point in time t2_2 of the third and fourth
transmission signals TS3 and TS4 may be randomly varied.
For example, 1n the first frame DF1, the activation start point
in time t0 and the second output point 1n time t2_2 are
spaced from each other as much as the fifth time interval ds.
In the second frame DF2, the activation start point 1n time
t0 and the second output point 1n time t2_2 are spaced from
cach other as much as the sixth time interval d6. The fifth
time nterval dS may be different from the sixth time interval
d6. In addition, the fifth time interval dS may be different
from the first time 1interval d1, and the sixth time interval d6
may be different from the second time interval d2. In the
third frame DF3, the activation start point in time t0 and the
second output point 1n time t2_2 are spaced from each other
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as much as the seventh time interval d7, and the seventh time
interval d7 may be different from the fifth and sixth time
intervals dS and dé6. In the fourth frame DF4, the activation
start point 1n time t0 and the second output point 1n time t2_2
are spaced from each other as much as the eighth time
interval d8, and the eighth time interval d8 may be different
from the fifth, sixth, and seventh time intervals d5, d6, and
d7. In addition, the seventh time interval d7 may be different
from the third time interval d3, and the eighth time interval
d8 may be different from the fourth time interval d4.

In FIG. 91, the output points 1n time t1_1 to t1_6 of the
first to sixth transmission signals TS1 to TS6 may be varied
randomly individually, however, in FIG. 10B, the first to
sixth transmission signals TS1 to TS6 may be classified 1nto
a plurality of groups, and output points 1n time thereol may

be varied randomly 1n units of a group.
When the output points 1n time t2_1 to t2_3 are controlled

in units of a group, the sensor controller 200C may require
delay signals DEL1la to DEL3a, the number of which
corresponds to the number of groups. For example, when the
first to sixth transmission signals TS1 to TS6 are classified
into three groups, the sensor controller 200C may require
three delay signals (e.g., the first to third delay signals
DEL1a, DEL2a, and DJL3a) In this case, the first delay
signal DEL1a may determine the first output point 1n time
t2_1 of the first and second transmission signals TS1 and
TS2, the second delay signal DEL2a may determine the
second output point in time t2_2 of the third and fourth
transmission signals TS3 and 1S4, and the third delay signal
DEL3a may determine the third output point 1n time t2_3 of
the fifth and sixth transmission signals TS5 and TS6.

A duration of each of activation periods APla to AP3a of
the first to third delay signals DEL1a to DEL3a may be
randomly varied 1n units of a frame. The duration of each of
the activation periods AP1a to AP3q of the first to third delay
signals DEL1a to DEL3a may be varied depending on the
bit information of the delay information illustrated in FIGS.
8A and 8B. When the delay information 1s composed of 2-bit
data, the duration of each of the activation periods APla to
AP3a of the first to third delay signals DEL1a to DEL3a
may be randomly varied to correspond to one of four
durations. When the delay information 1s composed of 3-bit
data, the duration of each of the activation periods APla to
AP3a of the first to third delay signals DEL1a to DEL3a
may be randomly varied to correspond to one of eight
durations.

FIG. 11 1s a wavelorm diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

Referring to FIGS. 2 and 11, the panel driver 100C may
drive the display panel 100 at a first operating frequency 1n
a first driving mode and may drive the display panel 100 at
a second operating frequency in a second driving mode. The
second operating Ifrequency may be lower than the first
operating Irequency. For example, the second operating
frequency may be a frequency of 15 Hz, 30 Hz, or 48 Hz,
and the first operating frequency may be a frequency of 60
Hz, 120 Hz, or 240 Hz. Below, an operating mode in which
the operating frequency of the display panel 100 1s variable
may be referred to as a “varniable frequency mode”.

In the first driving mode, the display panel 100 may
display a first image (e.g., a video) during a plurality of first
frames HDF1 and HDF2. In the second driving mode, the
display panel 100 may display a second 1image (e.g., a still
image) during a plurality of second frames LDF1 and LDF2.
A duration of each of the plurality of second frames LDF1
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and LDF2 may be greater than a duration of each of the
plurality of first frames HDF1 and HDF2.

The sensor controller 200C may drive the mput sensor
200. In an embodiment of the present disclosure, an oper-
ating frequency of the input sensor 200 may be identical to
an operatmg frequency of the display panel 100. When the
driving mode of the display panel 100 switches from the first
driving mode to the second driving mode or switches from
the second driving mode to the first dnving mode, the
operating {requency of the mput sensor 200 may be varied
in conjunction with the operating frequency of the display
panel 100. For example, 1n the first driving mode, when the
operating {frequency of the display panel 100 1s 120 Hz, the
operating frequency of the mput sensor 200 may also be 120
Hz. In the second driving mode, when the operating ire-
quency of the display panel 100 1s 30 Hz, the operating
frequency of the mput sensor 200 may also be 30 Hz.

The first to sixth transmission signals TS1 to TS6 may be
randomly (or varyingly) output (or generated) based on a
synchronization signal (e.g., the horizontal synchronization
mgnal Hsync) and the delay signal DEL. Even though the
crlvmg mode of the display panel 100 switches from the first
driving mode to the second driving mode or from the second
driving mode to the first driving mode, 1n each frame, an
activation period of the horizontal synchronization signal
Hsync may start from a given point in time t0. In addition,
the delay signal DEL may have the first operating frequency
in the first driving mode and may have the second operating
frequency 1n the second driving mode.

In an embodiment of the present disclosure, the first to
sixth transmission signals TS1 to TS6 may be simultane-
ously output from the sensor controller 200C at the same
point 1 time. When a point in time when the first to sixth
transmission signals TS1 to TS6 are simultaneously output
1s referred to as an output point 1n time tl, the output point
in time t1 may be randomly varied based on the activation
start point 1n time t0 of the horizontal synchronization signal
Hsync.

As the output pomnt in time tl of the first to sixth
transmission signals TS1 to TS6 are randomly varied based
on the activation start point in time t0 of the horizontal
synchronization signal Hsync, a random change for the
output point in time tl of the first to sixth transmission
signals TS1 to TS6 may be maintained in conjunction with
the operating frequency of the display panel 100.

The description 1s given with reference to FIG. 11 as the
output point in time tl1 1s randomly varied based on the
horizontal synchromization signal Hsync, but the present
disclosure 1s not limited thereto. For example, the output
point 1 time t1 may be randomly varied based on the
vertical synchronmization signal Vsync. However, because
the horizontal synchronization signal Hsync interworks with
an output point 1 time of scan signals, 1t may be more
cllective to randomly vary the output point in time t1 of the
transmission signals TS1 to TS6 based on the horizontal
synchronization signal Hsync, rather than the vertical syn-
chronization signal Vsync, 1n terms of preventing a flicker
phenomenon.

A period by which the output point in time t1 1s varied
may not be limited to one frame. For example, the output
point 1 time t1 may be varied with a period of two frames
or three frames. In addition, a period by which the output
point 1n time t1 1s varied may change depending on a driving
mode of the display panel 100.

Only the case where the first to sixth transmission signals
TS1 to TS6 are output at the output point in time t1 at the
same time 1s illustrated 1n FIG. 11, but the present disclosure
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1s not limited thereto. As 1llustrated 1in FIGS. 9A to 10B, the
embodiments 1n which the first to sixth transmission signals
TS1 to TS6 are output at different output points 1n time may
also be applied to the display device 1000 that operates 1n
the varniable frequency mode illustrated in FIG. 11.

FIG. 12A 1s a wavelorm diagram 1llustrating delay signals
according to an embodiment of the present disclosure, and
FIG. 12B 1s a waveform diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

Referring to FIGS. 6, 12A, and 128, the first to sixth
transmission signals TS1 to TS6 may be randomly (or
varyingly) output (or generated) based on a synchronization
signal (e.g., the horizontal synchronization signal H-sync).
Even though the driving mode of the display panel 100
switches from the first driving mode to the second driving
mode or from the second driving mode to the first driving
mode, 1n each frame, an activation period of the horizontal
synchronization signal Hsync may start from a given point
in time to.

In an embodiment of the present disclosure, 1n each
frame, the first to sixth transmission signals TS1 to TS6 may
be output from the sensor controller 200C at different points
in time. In each frame, a point in time when the first
transmission signal TS1 1s output may be referred to as the
first output pomnt in time t1_1, a point in time when the
second transmission signal TS2 1s output may be retferred to
as the second output point in time t1_2, a point 1n time when
the third transmission signal TS3 1s output may be referred
to as the third output point in time t1_3, and so forth. In other
words, 1n each frame, the first to sixth transmission signals
TS1 to TS6 may be respectively output at the first to sixth
output points 1n time t1_1 to t1_6. At least two of the first
to sixth output points 1 time t1_1 to t1_6 may be placed at
different points on a time axis.

The sensor controller 200C may generate the first to sixth
delay signals DEL1 to DEL6 for randomly controlling the
output points 1 time t1_1 to t1_6 of the first to sixth
transmission signals TS1 to TS6 independently of each
other. Each of the first to sixth delay signals DEL to DEL®6
may have the first operating frequency 1n the first dniving
mode and may have the second operating frequency in the
second driving mode.

The sensor controller 200C may randomly vary the output
point 1n time t1_1 of the first transmission signal TS1 every
frame, based on the first delay signal DEL1 and the hori-
zontal synchronization signal Hsync. When the dniving
mode of the display panel 100 switches from the first driving,
mode to the second driving mode or from the second driving,
mode to the first dniving mode, a frequency of the first delay
signal DEL1 may also be varied in conjunction therewith.
Accordingly, the output pomnt i time t1_1 of the first
transmission signal TS1 may also be randomly varied in
conjunction with the driving mode of the display panel 100.
Likewise, because the second to sixth transmission signals
TS2 to TS6 are randomly varied based on the second to sixth
delay signals DEL2 to DEL®, respectively, the output points
in time t1 2 to t1_6 of the second to sixth transmission
signals TS2 to TS6 may also be randomly varied 1n con-
junction with the driving mode of the display panel 100.

FIG. 13 A 1s a wavelorm diagram 1llustrating delay signals
according to an embodiment of the present disclosure, and
FIG. 13B 1s a waveform diagram illustrating transmission
signals according to an embodiment of the present disclo-
sure.

Referring to FIGS. 6, 13A, and 13B, at least two of the

first to sixth transmission signals TS1 to TS6 may be output
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from the sensor controller 200C at different points in time.
In each frame, the first to sixth transmission signals TS1 to
TS6 may be classified 1nto at least two groups, and trans-
mission signals belonging to different groups may be output
at different points in time. In addition, transmission signals
belonging to the same group may be output at the same point
in time.

For example, the first to sixth transmission signals TS1 to
TS6 may be classified into three groups, and each group may
include two transmission signals. In each frame, the first and
second transmission signals TS1 and TS2 may be output at
the first output point 1 time 2.1, the third and fourth
transmission signals TS3 and TS4 may be output at the
second output point 1n time t2_2, and the fifth and sixth
transmission signals TS5 and TS6 may be output at the third
output point 1n time t2_3. However, the present disclosure 1s
not limited thereto. For example, the first and fourth trans-
mission signals TS1 and TS4 may be output at the first
output point 1n time t2_I, the second and fifth transmission
signals TS2 and TS5 may be output at the second output
poimnt 1 time t2_2, and the third and sixth transmission
signals TS3 and TS6 may be output at the third output point
in time t2_3. In addition, the number of transmission signals
to be mcluded 1n each group may be variously varied. For
example, three or four transmission signals may be provided
in each group, or a different number of transmission signals
may be provided per group.

When the output points 1n time t2_1 to t2_3 are controlled
in units of a group, the sensor controller 200C may require
delay signals (e.g., the first, second, and third delay signals
DEL1a, DEL2a, and DJL3a) the number of which corre-
sponds to the number of groups. In this case, the first delay
signal DELL1a may determine the first output point in time
t2_1 of the first and second transmission signals TS1 and
152, the second delay signal DEL2a may determine the
second output point 1n time t2_2 of the third and fourth
transmission signals TS3 and 1TS54, and the third delay signal
DEL3a may determine the third output point 1n time t2_3 of
the fifth and sixth transmission signals TS5 and TS6.

Each of the first to third delay signals DEL1a to DEL3a
may have the first operating frequency 1n the first driving
mode and may have the second operating frequency in the
second driving mode.

The sensor controller 200C may randomly vary the output
point 1 time t2_1 of the first and second transmission
signals TS1 and TS2 every frame, based the first delay signal
DEL1a and the horizontal synchronization signal Hsync.
When the driving mode of the display panel 100 switches
from the first driving mode to the second driving mode or
from the second driving mode to the first driving mode, a
frequency of the first delay signal DEL1a may also be varied
in conjunction therewith. Accordingly, the output point 1n
time t2_1 of the first and second transmission signals TS1
and TS2 may be randomly varied in conjunction with the
driving mode of the display panel 100. Likewise, because
the third and fourth transmission signals TS3 and TS4 are
randomly varied based on the second delay signal DEL2a
and the fifth and sixth transmission signals TS5 and TS6 are
randomly varied based on the third delay signal DEL3aq, the
output points 1 time t2_2 and t2_3 of the third to sixth
transmission signals TS3 to TS6 may also be randomly
varied 1n conjunction with the driving mode of the display
panel 100.

According to an embodiment of the present disclosure, a
display device may randomly vary output points 1n time of
transmission signals to be supplied to an input sensor based
on a synchronization signal, and thus, a noise due to the
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interference between a display panel and the input sensor
may be prevented from occurring on a screen of the display
device or may decrease.

In addition, as the output points 1n time of the transmis-
sion signals are randomly varied, even though a noise
occurs, a position at which the noise occurs may be ran-
domly shifted. When a position at which the noise occurs 1s
randomly shifted, the phenomenon that a flicker 1s viewed
by a user’s eyes may be prevented, and thus, the display
quality of the display device may be increased.

While the present disclosure has been described with
reference to embodiments thereof, 1t will be apparent to
those of ordinary skill 1n the art that various changes and
modifications may be made thereto without departing from
the spirit and scope of the present disclosure as set forth in
the following claims.

What 1s claimed 1s:

1. A display device, comprising:

a display panel configured to display an image in units of

a frame;

an input sensor disposed on the display panel, and con-

figured to sense an external 1nput;

a panel driver configured to control driving of the display

panel 1n response to a synchronization signal; and

a sensor controller configured to control driving of the

input sensor,

wherein the sensor controller receives the synchronization

signal from the panel driver and outputs a plurality of
transmission signals to the mput sensor, and

the plurality of transmission signals are varyingly gener-

ated based on the synchronization signal,

wherein the plurality of transmission signals are output

from the sensor controller at an output point in time,
and

wherein a time 1nterval between an activation start point

in time of the synchronization signal and the output
point in time 15 varied.

2. The display device of claim 1, wherein the time interval
1s randomly varied 1n units of at least one frame.

3. The display device of claim 1, wherein the sensor
controller randomly varies the output point 1n time based on
a delay signal.

4. The display device of claim 3, wherein the sensor
controller outputs the plurality of transmission signals at the
output point 1n time which 1s delayed with respect to the
activation start point in time of the synchronization signal by
as much as an activation period of the delay signal.

5. The display device of claim 4, wherein duration of the
activation period of the delay signal is varied within a
predetermined range 1n units of at least one frame.

6. The display device of claim 1, wherein a first trans-
mission signal and a second transmission signal of the
plurality of transmission signals are output from the sensor
controller at different points 1n time.

7. The display device of claim 6, wherein a time interval
between the activation start point in time of the synchroni-
zation signal and a first output point 1n time of the first
transmission signal 1s randomly varied, and

wherein a time 1nterval between the activation start point

in time of the synchronization signal and a second
output point 1n time of the second transmission signal
1s randomly varied.

8. The display device of claim 7, wherein the sensor
controller determines output points in time of the plurality of
transmission signals based on a plurality of delay signals.

9. The display device of claim 8, wherein the plurality of
delay signals include:
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a first delay signal for determining the first output point 1n
time of the first transmission signal; and

a second delay signal for determining the second output
point in time of the second transmission signal, and

wherein the sensor controller outputs the first transmis-
ston signal at the first output point 1 time which 1s
delayed with respect to the activation start point 1n time
of the synchronization signal by as much as an activa-
tion period of the first delay signal and outputs the
second transmission signal at the second output point 1n
time which 1s delayed with respect to the activation
start point in time of the synchronization signal by as
much as an activation period of the second delay signal.

10. The display device of claim 9, wherein a duration of
the activation period of the first delay signal 1s varied within
a predetermined range in units of at least one frame, and

wherein a duration of the activation period of the second
delay signal 1s varied within the predetermined range 1n
units of at least one frame.

11. The display device of claim 1, wherein the synchro-
nization signal includes:

a vertical synchronization signal for determining a period

of the frame; and

a horizontal synchronization signal for determining a scan
timing of the display panel in the frame.

12. The display device of claim 1, wherein an operating
frequency of the display panel 1s i1dentical to an operating
frequency of the mput sensor.

13. The display device of claim 1, wherein the nput
sensor mcludes:

transmission electrodes for receiving the transmission
signals; and

reception electrodes 1nsulated from the transmission elec-
trodes and intersecting the transmission electrodes.

14. The display device of claim 13, wherein the display
panel icludes scan lines for sequentially receirving a scan
signal during the frame, and

wherein the transmission electrodes extend along the scan
lines.

15. The display device of claim 1, wherein the display

panel 1includes:

a light-emitting element layer including a light-emitting
element; and

an encapsulation layer disposed on the light-emitting
clement layer.

16. The display device of claim 15, wherein the input

sensor 1s directly disposed on the encapsulation layer.

17. A display device, comprising:

a display panel configured to display an 1image in units of
a frame;

an mput sensor disposed on the display panel, and con-
figured to sense an external nput;

a panel driver configured to control driving of the display
panel 1n response to a vertical synchronization signal
for determining a period of the frame and a horizontal
synchronization signal for determining a scan timing of
the display panel; and

a sensor controller configured to control driving of the
input sensor,

wherein the sensor controller receives the horizontal
synchronization signal from the panel driver and out-
puts a plurality of transmission signals to the input
sensor, and

the plurality of transmission signals are varied based on
the horizontal synchronization signal,

the plurality of transmission signals are output from the
sensor controller at an output point in time, and
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wherein a time interval between an activation start point
in time of the horizontal synchronization signal and the
output point 1 time 1s varied.
18. The display device of claim 17, wherein the time
interval 1s randomly varied in units of at least one frame. 5
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